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- Fluorine-substitution alkyl phosphates of the Lange tyve of esters have been
. ‘& frogerk sbJect of comsideration in poatwar chemical and toxicologhcal literature

(1, 2.

The moet studied rerresentative of this group of materials is diisopropyl
. flucrophosphate (DEP), an extremely toxic compound with the express properties of
. v a nemrotoxin, A study of its influence on metabolismm hes revealed that even
at extremsly low concentrations it is ahle to inhibit cho.inesterase astivity.
Thig, spparently is the reason for its toxic effect on the organism (3, U4).
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The action of DEP on other enzymes has received but little attention, and
the bita of data in literature are often not very conclusive, For example,
1t was indicated recently (5) that the gplvcolys's fermentation av-lum in muscles
is insensitive to the actiom of alky’ <flhuoropuosphates., Howover, although the
author statas that he studied the action or alkyl tlw ropnoophate in concentra-
tiom 0,002 N, he failed to introduce any experimental data to substantiate
his assertion, It is not even clear as to whether the effect of DEP was studied B
or ouly the action of its dimethyl and diethyl hamologues. B
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The work hers desciibed, which included the study of the effect of &ligo-
propyl fluorcphosphate on glycolysis in muscular tissue, had alreedy been com-
vleted whan: the referencoe shove became known to ua. ‘

N

:vlbth‘od._

.7 Ve 'excised the mmecles of rabbits under narcoeis and, after freezing in
' 11quid ‘oxygen, ' pulverized them in s mortar. Approximately one gram of the fire

" powder obtained was placed in a previously weighed flask conteining all the neces-
‘sary supplemants with a total volume.of 10 milliliters. A second weighing con-
P1irmed.. the sxact amownt of the muscular tissus obtainsd. To determme tha initial
“oomtent of lactic acid, an albumin precipitant was added .o cus flusk befors intro-
Auctisn of the pordaved tisauns: - The remmining spesimens; with and without the
 6upplements, were incubated at: 38 decrees: for 60 minutes. We dotermined the

' intensity of glycolysis by lactic acid accretion during the incubatica period, Ve
‘used the Friedemann-Cotonic-Shaffer ‘lodometric method to deterwine the'lactic
acid covnt (§). “Hexose diphosphate vae cbtained in acoord with Ferimsn's notee (7).

i . ; 1_1-,

.7, In ‘the Zirgt oxyeriuntaf Beriesiwe Vere able to demorstrate that, in the
consuntoations veed, DRP manifestsd a pronounced inhibitive acticn on the gly-
‘colitic activity of the mmeoular specimern, From the resulte:of thie seriss,’

: fouwnd in Tad , it 1s evident thet tns addition of NEP causes a certain reduo-
‘tion in lactic acid acoretiun during lacdbavion, ‘It was Zound thet this inhibi-
tivy effect on glysolyeis was direstly related to the 8% 'ncuronvl fl‘c.m;o oophst to

) concentrativn. Bven & 0,001 M concentresicn -- hsif vnat vmed oy ¥usy (5) --
v brought ahout almcet a two-thirds reduction of glycolytic activity in t.bo’msouhr
R tissue, —
‘ Table 1. Ifeot of Diisupropyl Fluorophesphate in Glycoiysie .
' in Masoular Tissue Preperation
(1noubation 60 min at 38°) :
No DKP Concentra- lactic Acld Accretion Glysolytic Activity
tiop in M1 During Incubation iu mg % of Poisored <reparation
in % of Formel
Without DEP With DEP N
1 0.01 388 11 3
2  0.01 Lh2 12 3
3 0,005 300 27 9
4 0005 . 305 31 10
3 o.00 - 382 1 ' 20
6 G.o0l 57 ' 96 23
N 7 0.001 316 97 31
8 0,001 360 111 31
. 9  0.001 211 77 36
10 = 0,001 259 109 42

Agueous solutions of DEP are easily hydrolyzed by the separaticn of a
fluorine ion. The matural assumption then would be that the fluoride formed
N 1s the agent which disrupts the course of glycolysis. It is indeed necessary
to note that in order to avoid or at least considsrebly reduce DEP hydrolysis,
we used a distilled DEP preparation ih every case, and prepared solutiona of
1t asv-needed. .
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On .the basis of the numerous tests conducted on othar occaslons, we fsel
. certain that sodium Pluoride in & concantration of 0.001 ¥ definitely ninders
giycoiysis. To ascertain whether DEF acis dirsculy un glycolysie or wielher its
action depends dolely on the fluoride formed during hydrolysis, we decided to
stidy . the effect of IEP on lactic acid formation not from the glycogen pre-existent
in'the ‘musculay: tissues, but from intermediate products of glycolysie, to be added
to. the specimens. We @elacted héxose diphosphate (GDP) for the Intermediate product,
and effected a comparative study of the action of IEP and NaF, the results of
vhich appear ‘in Table 2. : '

Table 2. Fffect ot Diisoprovyl Fl'udronhoanhata snd Sodium Fluoride en Glycol.veiev
in the Presence o Hexose Diphosphate

(incubation &0 min at 380; hexose diphosphate, 25 mg per spocimen)

Ko  Poison Added Iactic Acid Accretion - = . lactic Acid Accretieom .y
in mg % During Incubation Dic te PP . 4
Wethout Poison With Poilsén Hithout ~ With '

Polson Poison

Without Witn Without With

(e GDP GIP e
i TEP-0,001 M 211 319 7 183 108 106
2 o 325 543 L1 105 g 8
3 259 319 109 186 60 77
I 331. 451 ks 165 120 119
5 ¥eF-0.001 M 417 756 38 49 339 11
6 331 k51 22 30 12v 8
7 ®2 729 48 53 347 5
8 325 443 31 32 118 0

In these tests, the hexose diphosphate was piaced in the flask prior to
introdunction of the muscular tissue. Consequently, the calculated amownt of
lactic acid was a total dependent upon the breaking dowvm of both the natural
glycogen and the added hexore diphoaphate, By deducting the figuresz oo tha
specimans vithout GUP from the results obtained it is pxAaible to dotaxmine the
anount of Jactic acid formed through the added CDY,

Table 2 shows that the addition of GDP in every case produced excese lactic
scid formation. However, this excsss accretion fluctuated quite differently under
the effect of ditsopropyl fiuorophosphate and sodfun fluoride. The addition of
IEP had practicall) no efsoci ou ths formestion of lactic acid by haxnse diphos-
phats; but sodium fluoride caunsod «l almost complete cessation of thn jricens.

It 18 knmow: that 1. tls presence of sodium fluoride, *he yliuci;tic process
cosses at the point cf formtion of 2-phospkoglyceric acld, +vhich doss not undergo
forther tranaformation. For this reason, it 18 natural that hexose diphosphats,
a9 an earlier intermediate product, cemmot. bs a source of lactic acid formation
vhen eodivm Plunvide iF nrement., On the other hand, diiscpropyl fluorophosphate
doss not at all inhidit the transformaticn of hexone diphosphate iato lactic
acid and, consequently, has no effect on the subsequent course of glycolysis,

Thus, the imhibitive action of diisopropyl fluorophosphate an g’yoolyaias
18 expressed in ths dicruption of certain of the stages prior to tae formation
of hexose diphosphate. The resulte obtained show that hexose dipaospbate / sic
and eodiue fluoride, ae glycolytic poieons, have differvrt pointe of application.
The inhibitive action of diisopropyl flucrophosphate must be regarded not as Jle-
pendent upon formation of the fluoride during hydrolysis, but as inherent in the
structure of the whole molecule of this compound. R
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: Diisoprupyl flaorophosphate (m) greafly inhibits glycolyais in mecular
;. .-tiseve. The inhibitive effect of DEP consisis in disrupting the initial
B _atsges of elycolysia, priov +g) the Formtion of hexoae dipho"phnte. :

Tha erfect o DXP on glycolyeis is inrerent in the etmcture cfthe whole
. molecule of this compound and dces not.depend’ on the fliuoride which mey be:
formed during the h;drolysie of ‘DEP.
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